(AMI) to die suddenly outside the hospital or for their condition to become more serious as a result of delays in treatment, and setting up an effective pre-hospital medical system before admission to a hospital is an urgent task for reducing the AMI-related mortality rate. Because half of all patients who die as a result of AMI do so before reaching a hospital, the 2010 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science (G2010) advised that the interval between emergency medical service (EMS) contact with a patient and balloon inflation to achieve reperfusion (EMS-toballoon time) should be no more than 90 minutes. Also, the American College of Cardiology (ACC)/American Heart Association (AHA) Task Force on Practice Guidelines 1) recommends minimizing the total ischemic time and a first medical contactto-balloon time of within 90 minutes for patients with AMI. Although pre-hospital 12-lead electrocardiogram (ECG) recordings can provide advance information to the hospital, it is important to shorten both the time between the arrival of the patient at the hospital and the recording of the first ECG as well as the time between the ECG recording and the start of reperfusion therapy, 2-5) a practice that has not been widely adopted in Japan. We have developed a mobile telemedicine system (MTS) 6) that utilizes mobile communications via cellular phones, making it possible to transmit biological information, including 12-lead ECG data, blood pressures, respiration rates, pulse rates and in-vehicle images acquired with a small camera, continuously from an ambulance while the patient is being transported to the destination hospital in real time.
I. Background
It is not rare for patients with acute myocardial infarction (AMI) to die suddenly outside the hospital or for their condition to become more serious as a result of delays in treatment, and setting up an effective pre-hospital medical system before admission to a hospital is an urgent task for reducing the AMI-related mortality rate. Because half of all patients who die as a result of AMI do so before reaching a hospital, the 2010 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science (G2010) advised that the interval between emergency medical service (EMS) contact with a patient and balloon inflation to achieve reperfusion (EMS-toballoon time) should be no more than 90 minutes. Also, the American College of Cardiology (ACC)/American Heart Association (AHA) Task Force on Practice Guidelines 1) recommends minimizing the total ischemic time and a first medical contactto-balloon time of within 90 minutes for patients with AMI. Although pre-hospital 12-lead electrocardiogram (ECG) recordings can provide advance information to the hospital, it is important to shorten both the time between the arrival of the patient at the hospital and the recording of the first ECG as well as the time between the ECG recording and the start of reperfusion therapy, [2] [3] [4] [5] a practice that has not been widely adopted in Japan. We have developed a mobile telemedicine system (MTS) 6 ) that utilizes mobile communications via cellular phones, making it possible to transmit biological information, including 12-lead ECG data, blood pressures, respiration rates, pulse rates and in-vehicle images acquired with a small camera, continuously from an ambulance while the patient is being transported to the destination hospital in real time.
We have started to apply our newly developed MTS, which continuously transmits biological information from ambulances
in real time, and tested the validity of this technology in a pre- 
Background:
We have developed a mobile telemedicine system (MTS) utilizing mobile communications via cellular phones, making it possible to continuously transmit biological information, including 12-lead electrocardiography data, from an ambulance while the patient is being transported to the destination hospital in real time. Purpose: We evaluated whether using an MTS during the transport of acute myocardial infarction patients shortens the interval between arrival at the hospital and balloon inflation to achieve reperfusion (doorto-balloon time). Two hundred eighteen consecutive AMI patients were divided into two groups: 23 patients who had been brought to the hospital in an ambulance equipped with an MTS, and 195 patients who had been brought to the hospital without the use of an MTS. Results: When the MTS group and the non-MTS group were compared, no differences in clinical characteristics , Killip class, incidence of emergency coronary angiography, culprit lesion, or prevalence of multi-vessel disease were seen. No significant differences were seen between the two groups in terms of the incidence of primary percutaneous coronary intervention (PCI), initial angiography findings, or the degree of coronary blood flow after PCI. Regarding outcomes, no differences in the peak creatinine kinase and isozyme MB levels or in-hospital mortality were seen between the two groups. However, the door-to-balloon time was 86 minutes (median times) in the MTS group, which was significantly shorter than the 96 minutes observed in the non-MTS group (P<0.05). Conclusions: We have developed a mobile telemedicine system (MTS) and have shown its efficacy in pre-hospital medical settings.
hospital medical setting, in addition to using the MTS clinically while transporting patients with AMI to investigate its effectiveness for shortening the interval between arrival at the hospital and balloon inflation to achieve reperfusion (door-to-balloon time).
II. Methods
Mobile telemedicine system
The effects of vibrations during ambulance transport and the waves, and the camera images had a resolution of 320×240 pixels and were transmitted at approximately 2-3 frames/second.
The MTS was installed in six fire department ambulances in Suita city and was used at the discretion of EMS members when a cardiovascular emergency patient was expected.
Study populations
Two hundred eighteen consecutive AMI patients, including patients who requested EMS assistance 24 hours after the onset of AMI, who were brought to our hospital by ambulance between June 2008 and October 2009 were included in the analysis. The subjects were divided into two groups according to whether they had or had not been brought to the hospital in an ambulance equipped with an MTS (MTS group, n=23; non-MTS group, n=195). The door-to-balloon time was then investigated and compared.
3. Coronary angiography "Significant narrowing" was defined as a narrowing of the vessel by 75% or more, and "multi-vessel disease" was defined as a lesion in two or more major branches. "Emergency coronary angiography" was defined as coronary angiography performed by directly proceeding to the coronary angiography room from the emergency room. The coronary artery responsible for the AMI was identified based on coronary angiography, ECG, and echocardiography findings. The performance of percutaneous coronary intervention (PCI) was left to the discretion of the operator.
Statistical analysis
All the statistical analyses were performed using statistical software program packages (JMP software version 8.0J and SAS 9.1, SAS Institute, Cary, NC).
Ethical considerations
This study was conducted in accordance with the ethical guidelines for epidemiological studies and was approved by the ethics committee of the National Cerebral and Cardiovascular
Center.
III. Results
In the field trial, we confirmed the application of motion noisereduction, in which adaptive filters are used for every beat and each filtered ECG is connected smoothly using a weighted mean method ( Fig. 1 ). In the final ECG, the ECG wave line was distorted, rather than the other ECG wave. In Fig. 1, column 1 shows the original ECG wave from a volunteer who intentionally twisted his/her upper body while being transported in the moving vehicle, and column 2 shows the filtered ECG wave with the adapted filtering and weighted mean method. Fig. 2A) . However, 7 minutes later, while the patient was still be transported to hospital, the patient developed a more severe chest pain and the ECG data showed a worsening of the ST depression in the precordial leads (Fig. 2B) . After admission, this patient underwent coronary angiography, which revealed severe disease involving 3 vessels; the patient was successfully treated using PCI.
During this study period, 218 consecutive AMI patients were brought to our hospital by ambulance and were divided into two groups according to whether they had been brought to the hospital in an ambulance equipped with or without an MTS (MTS group, n=23; non-MTS group, n=195). Twelve-lead ECG data was clearly received from the moving ambulance for all the patients in the MTS group, and Fig. 3 shows a view of the monitor screen for a patient with LMT disease whose biological data was sent by MTS during after-hours. When the MTS group and the non-MTS group were compared, no differences in age, sex, coronary risk factors, or left ventricular ejection fraction were seen (Table 1 ). In the MTS group, more than 90% of the patients exhibited ST elevation myocardial infarction (STEMI), about half of them had an onset-to-door time of less than 3 hours, and 61%
of them arrived at the hospital during after-hours (18 p.m.-8 a.m.). In the MTS group, 7 patients with STEMI arrived at the hospital less than 3 hours after the onset of AMI during the hospital's after-hours.
Also, no differences in the performance of emergency CAG, the culprit lesion, or the prevalence of multi-vessel disease were seen, and all of the patients in the MTS group underwent primary PCI. No significant differences were observed between the two groups in terms of the performance of primary PCI, the initial angiography findings, or the degree of coronary blood flow after PCI (Table 2) . When the outcomes of the two groups were The first ECG data was sent to the hospital from the moving ambulance and showed a mild ST depression in the limb leads at 12:08 am ( Fig. 2-A) , the ECG data showed a worsening of the ST depression in the precordial leads after 7 minutes at 12:15 am ( Fig.  2-B) .
A B compared, no differences in the peak creatinine kinase levels, creatinine kinase isozyme MB levels, or in-hospital mortality rates were observed (Table 2) . Table 3 shows the door-to-balloon time (median times). Overall, the door-to-balloon time was 86 minutes in the MTS group, which was significantly shorter than the 96 minutes that was observed in the non-MTS group (P<0.05). Especially for patients with STEMI who arrived at the hospital less than 3 hours after the onset of AMI, the MTS group had a significantly shorter door-to-balloon time than the non-MTS group. Furthermore, the door-to-balloon time tended to be shorter in the MTS group than in the non-MTS group among cases arriving at the hospital during after-hours (18 p.m.-8 a.m.).
IV. Discussion
We have developed a mobile telemedicine system (MTS) that continuously transmits biological information from ambulances in real time; here, we have shown the validity of this technology in a pre-hospital medical setting and have confirmed that the use of an MTS while transporting patients with AMI to the hospital enabled the door-to-balloon time to be shortened in a small case series.
In the field trial, we confirmed that the use of an MTS during the transport of patients was an effective technology in a pre- hospital medical setting. The motion noise-reduction system in this MTS enabled the ECG data to be transferred smoothly from the moving vehicle to the destination hospital.
In medical literature, shortening the interval between the onset of symptoms and hospital admission has contributed to improving the outcome of patients with AMI. 2, [8] [9] [10] Therefore, recording 12-lead ECG data and providing this information to the destination hospital contributes to shortening the time until the start of reperfusion therapy. 11) In Japan, a system in which a pre-hospital 12-lead ECG can be sent by fax has been in use until now, but because the information transmission is limited and the usability of the information at the destination hospitals is also limited, this system has never been widely used. In the STAT-MI study, 12, 13) it was reported that the time to contact a cardiovascular specialist after the arrival of the EMS team and the time between patient arrival at the hospital and reperfusion were shortened as a result of sending pre-hospital 12-lead ECG data in the form of a PDF file in advance. Moreover, a study in Denmark reported that the door-to-balloon time was shortened by telephotographing a prehospital 12-lead ECG in advance of hospital arrival. 14) However, according to that report, VF/VT was observed in 6% of the patients while they were being transported; therefore, it is important to send biological data in real time and to monitor arrhythmias or ST-T changes while transporting patients with AMI.
Because we developed a system using mobile communications 
Study limitations
The clinical use of MTS did not reduce the peak CK level or the in-hospital mortality rate in this study. The most possible reason was the relatively small number of patients in the MTS group. Another possible reason was the heterogeneity of the patients in both groups, since this study was not a randomized trial.
Consequently, the EMS staff could choose not to use MTS so as to transfer patients with Killip class 4 as quickly as possible.
Some guidelines recommend minimizing the total ischemic time and to have a first medical contact-to-balloon time of within 90 minutes for patients with AMI. In the present study, we did not collect data from the EMS team; therefore, we could not analyze the first medical contact-to-balloon time. Consequently, evaluating the EMS activities with regard to the use of MTS will be examined as a next step in our research. Also, we enrolled all the patients who experienced AMI during this study period; therefore, some cases requested EMS assistance more than 6
hours after the onset of AMI symptoms. This point might explain why the door-to-balloon time in the non-MTS group was more than 90 minutes. However, the first purpose of this study was to start applying MTS clinically and to investigate its effectiveness in a pre-hospital medical setting, so we enrolled all the patients with AMI during the study period in the analysis, as such cases were suitable for the use of MTS.
The average transportation time in this study was only 14 minutes; if MTS was used in an area where EMS requires a longer transportation time or fewer cardiovascular care units are available in the area, the door-to-balloon time and the total ischemic time are likely to be shortened through the use of MTS.
V. Conclusions
We developed and validated MTS, which utilizes mobile communications via cellular phones to transmit continuous biological information from an ambulance while the patient is being transported to a destination hospital in a pre-hospital situation.
This study showed that MTS is an effective technology in a prehospital medical setting for the treatment of patients with AMI.
